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(54) GAN SYSTEM UGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN based light emitting 
element which has a high confinement effect for carriers injected into a 
light emitting layer and is hard to develop cracks. 

SOLUTION: A light emitting element is provided with a substrate 1. a light 
emitting layer 5, a first clad layer 3 and a second clad layer 7 which are so 
arranged as to sandwich the light emitting layer 5, and stopper layers 5 
and 6 which are provided between the light emitting layer 5 and the first 
and second clad layers 3 and 7 and which prevent transmittanca of 
carriers. Composition of Al in the stopper layer 6, its film thickness and 
composition of Al in the clad layer 7, its film thickness are properly 
regulated. For example the second stopper layer 6 is formed as AIX2Ga1- 
X2N: X2=0.1 to 0.5. the thickness is made to be 10 to SOnm, the second 
clad layer 7 is formed as AIY2Ga1-Y2N: Y2=0 to 0.15 and the thickness is 
made to be 100 to lOOOnm. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the light emitting device formed with the compound semiconductor of a GaN system. A substrate and a 
luminous layer, The cladding layer of n conduction type arranged as sandwiched said luminous layer, and the cladding layer 
of p conduction type. The stopper layer in which it is the stopper layer formed between said luminous layers and cladding 
layers of said p conduction type, and, as for this stopper layer, the carrier in said luminous layer prevents passing through 
this substantially. Said stopper layer consists of AIX2Ga1-X2 N:X2=0.1-0.5 in ♦*****♦*. And it is the GaN system light 
emitting device which thickness is 10-50nm. and the cladding layer of said p conduction type consists of AIY2Ga1-Y2 
N:Y2=0-0.15. and is characterized by what the thickness is 100-IOOOnm. 

[Claim 2] Other stopper layers are formed between said luminous layers and cladding layers of said n conduction type. 
These other stopper layers consist of AIXIGal-XI N:X1=0.1-0.5. And it is the GaN system light emitting device according 
to claim 1 which thickness is 10-50nm. and the cladding layer of said n conduction type consists of AIY1Ga1-Y1 N:Y1=0- 
0.15, and is characterized by the thickness being 100-IOOOnm. 

[Claim 3] Said each stopper layer is a GaN system light emitting device according to claim 1 or 2 characterized by being 
formed in contact with said luminous layer. 

[Claim 4] The GaN system light emitting device according to claim 1 to 3 characterized by preparing the 1st guide layer 
and the 2nd guide layer, respectively between said luminous layer and cladding layer of said n conduction type, and the 
cladding layer of p conduction type. 

[Claim 5] It is the light emitting device formed with the compound semiconductor of a GaN system. A substrate and a 
luminous layer. The 1 st cladding layer and 2nd cladding layer which have been arranged as sandwiched said luminous layer. 
It is the stopper layer formed between said luminous layer and said 1st cladding layer or in either [ at least ] between said 
luminous layer and said 2nd cladding layer. The stopper layer in which, as for this stopper layer, the carrier in said 
luminous layer prevents passing through this substantially. Said stopper layer consists of AIXGal-XN in ********, 
however the presentation X of aluminum is the largest in the part nearest to said luminous layer, the part which will be left 
from now on and which was alike, followed, decreased gradually and is most separated from said luminous layer — the 
presentation X — the presentation (0 is included) of aluminum of a cladding layer — substantial — etc. — the GaN 
system light emitting device which spreads and is characterized by the thickness being 10-100nm. . 
[Claim 6] It is the light emitting device formed with the compound semiconductor of a GaN system. A substrate and a 
luminous layer. The 1 st cladding layer and 2nd cladding layer which have been arranged as sandwiched said luminous layer. 
The guide layer prepared, respectively between said luminous layer and said 1st cladding layer, and said 2nd cladding layer. 
It is the stopper layer formed between said luminous layer and said 1st guide layer or in either [ at least ] between said 
luminous layer and said 2nd guide layer. The stopper layer in which, as for this stopper layer, the carrier in said luminous 
layer prevents passing through this substantially. Said stopper layer consists of AIXGal-XN in *♦****♦*, however the 
presentation X of aluminum is the largest in the part nearest to said luminous layer, the part which will be left from now on 
and which was alike, followed, decreased gradually and is most separated from said luminous layer — the presentation X - 
- the presentation (0 is included) of aluminum of a guide layer — substantial — etc. — the GaN system light emitting 
device which spreads and is characterized by the thickness being 10-100nm. 

[Claim 7] The presentation of aluminum in said stopper layer is a GaN system light emitting device according to claim 5 or 
6 characterized by gradually decreasing continuously. 

[Claim 8] The presentation of aluminum in said stopper layer is a GaN system light emitting device according to claim 5 or 
6 characterized by gradually decreasing stair-like. 

[Claim 9] It is the light emitting device formed with the compound semiconductor of a GaN system. A substrate and a 
luminous layer. The 1 st cladding layer and 2nd cladding layer which have been arranged as sandwiched said luminous layer. 
It is the stopper layer formed between said luminous layer and said 1st cladding layer or in either [ at least ] between said 
luminous layer and said 2nd cladding layer. The stopper layer in which, as for this stopper layer, the carrier in said 
luminous layer prevents passing through this substantially. The 2nd stopper layer which turns into the 1st stopper layer 
which said stopper layer becomes from AIXIGal-XI N:X1=0.1-0.5 in ******** from AIX2Ga1-X2 N:X2=0-0.2, however the 
GaN system light emitting device characterized by coming to carry out the laminating of X1>X2. 
[Claim 10] The GaN system light emitting device according to claim 9 characterized by preparing the guide layer, 
respectively between said luminous layer and said 1st cladding layer, and said 2nd cladding layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[O0O1] 

[Field of the Invention] This invention relates to the light emitting device formed with the GaN system compound 
semiconductor. This semi-conductor light emitting device can be used as a laser diode or light emitting diode. 
[0002] 

[Description of the Prior Art] The thing using the compound semiconductor as a light emitting device of a light short 
wavelength field is known. Especially, since a GaN system ghost semi-conductor emits light in the blue whose luminous 
efficiency is one [ high and ] in three primary colors of the light since it is a direct transition mold, it attracts attention 
especially these days. 

[0003] By the light emitting device of a GaN system, the carrier poured into the luminous layer closed and eye ** was 
performed by the 1 st cladding layer and 2nd cladding layer which are formed so that the luminous layer concerned may be 
inserted. However, if the amount of carrier irjections to a luminous layer increases like semiconductor laser, the function 
which a higher carrier confines in a cladding layer will be required. 
[0004] 

[Problem(s) to be Solved by the Invention] In order for the carrier by the cladding layer to shut up and to raise a function, 
it is possible to form a cladding layer with an ingredient with more wide forbidden-band width efface (band gap). In order 
to make forbidden-band width efface large, it is possible to enlarge the presentation of aluminum (aluminum) with a GaN 
system compound semiconductor. 

[0005] However, in order to make the presentation ratio of aluminum high and to secure optical confinement enough, when 
the cladding layer was thickened according to examination of this invention persons, it turned out that distortion becomes 
large and a crack becomes easy to go into a growth phase. Then, this invention aims at the locked-in effect to a carrier 
offering highly the GaN system light emitting device which the crack made it hard to go into a cladding layer. 
[0006] 

[Means for Solving the Problem] This invention is what attains the above-mentioned purpose. That configuration It is the 
light emitting device formed with the compound semiconductor of a GaN system. A substrate and a luminous layer. The 
cladding layer of n conduction type arranged as sandwiched said luminous layer, and the cladding layer of p conduction 
type. The stopper layer in which it is the stopper layer formed between said luminous layers and cladding layers of said p 
conduction type, and, as for this stopper layer, the carrier in said luminous layer prevents passing through this 
substantially. Said stopper layer consists of AIX2Ga1-X2 N:X2=0.1-0.5 in ********. And thickness is 10-50nm, and the 
cladding layer of said p conduction type consists of AIY2Ga1-Y2 N:Y2=0-0.15, and it is characterized by the thickness 
being 100-1 OOOnm. 
[0007] 

[Function and Effect of the Invention] Since a presentation and thickness of a stopper layer and the cladding layer of p 
conduction type are adjusted suitably, the locked-in effect to the carrier (electron) poured into the luminous layer is high, 
and a crack stops thus, almost going into a growth phase according to the constituted light emitting device. 
[0008] Since a presentation and thickness of other stopper layers and the cladding layer of n conduction type are acliusted 
suitably, the locked-in effect to the carrier (hole) poured into the luminous layer is high, and a crack stops almost going 
into a growth phase according to invention according to claim 2. 

[0009] According to invention according to claim 3, since the stopper layer is in contact with the luminous layer, a carrier 
closes and eye ** can be performed efficiently. 

[0010] According to invention according to claim 4, since a guide layer is prepared, the thickness of the layer which shuts 

up light becomes large and serves as the configuration of having been suitable for the laser component. 

[001 1] According to invention according to claim 5 to 8, since the presentation of aluminum in a stopper layer was 

changed gradually, the stress to a stopper layer will be eased and absorbed and it is harder coming to generate a crack. 

[0012] According to invention given in claims 9 and 10, since a stopper layer consists of two or more layers, the stress to 

a stopper layer will be eased and absorbed and it is harder coming to generate generating of a crack. 

[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is further explained to a detail 
based on an example. 

The semi-conductor light emitting device of the example of the 1st ******** is a laser diode. Drawing 1 is the sectional 
view of the laser diode 20 of an example. This laser diode 20 is the configuration of having grown up a buffer layer 2, n 
contact layer 3, the 1st cladding layer 4, the 1st stopper layer 5, a luminous layer 6, the 2nd stopper layer 7. and the 2nd 
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cladding layer 8 into up to the substrate 1 in order, p contact layer 9 is formed in tlie top face of the 2nd cladding layer 8. 

[0014] The spec, of each semi-conductor layer is as follows. 

Semi-conductor layer : Presentation: Dopant (thickness) 

Buffer layer 2 : AIN (50nm) n contact layer 3 : n+-GaN:Si (4.0 micrometers) 

The 1st cladding layer 4: n-aluminumO.08GaO.92 N:Si (1 micrometer) 

1st stopper layer 5: n-aluminumO.15GaO.85 N:Si (20nm) 

Luminous layer 6 Quantum well layer 6a: InO.15GaO.85N (50nm) Barrier layer 6b : GaN (50nm) 

number [ of a quantum well layer and a barrier layer ] of repeats: — 5 — 2nd stopper layer 7: p-aiuminumO.15GaO.85 N-Mg 
(20nm) 

The 2nd cladding layer 8: p-aluminum0.08Ga0.92 N:Mg (1 micrometer) 
p contact layer 9 : p+-GaN:Mg (200nm) 

[0015] In addition, a substrate 1 is a product made from sapphire, and is prepared as follows. The susceptor in the 
gaseous-phasa-reaction equipment which does not illustrate the single crystal sapphire plate which makes a principal 
plane the a-th page washed by organic washing and heat treatment is equipped. Next, it is H2 at ordinary pressure Rate- 
of-flow 2 liter/min Silicon on sapphire is baked for 30 minutes at the temperature of 1000 degrees G with a sink to a 
reactor. 

[0016] In the above, a buffer layer 2 can be formed with the amorphous compound semiconductor expressed with general 
formula AIAGa1-AN (refer to JP,2-229476,A). 

[0017] The 1st cladding layer 4 can be formed with the compound semiconductor expressed with general formula 
AIYIGal-YI N:Y1=0-0.15 of n conduction type. As for the thickness, it is desirable to be referred to as 100-IOOOnm. 
[0018] The 1st stopper layer 5 can be formed with the compound semiconductor expressed with general formula 
AIXIGal-XI N:X1=0.1-0.5. If the presentation XI of aluminum does not fulfill 0.1, forbidden-band width efface becomes 
narrow, and the effectiveness of eye carrier ****** becomes less enough. If the presentation XI of aluminum exceeds 0.5, 
it will become easy to produce a crack. Moreover, the thickness may be 10-50nm. If the thickness of the 1st stopper layer 
5 does not fulfill lOnm, the effectiveness of eye carrier ****** becomes less enough. If the thickness exceeds 50nm, it 
will become easy to produce a crack. This 1st stopper layer 5 prevents that a hole leaks and comes out from a luminous 
jayer 6. Since a hole is comparatively fully shut up also with the ingredient of the 1st cladding layer 4, when the electrical 
potential difference of rating impressed to a component 20 is small, this 1st stopper layer 5 can be omitted. 
[0019] A luminous layer 6 is not limited to the thing of the MQW mold of illustration, but can use the thing of a SOW mold 
and a bulk mold etc. ** [ in a quantum well layer and a barrier layer, it may dope an intentional impurity ] 
[0020] The 2nd stopper layer 7 can be formed with the compound semiconductor expressed with general formula 
AIX2Ga1-X2 N:X2=0.1-0.5. If the presentation X2 of aluminum does not fulfill 0.1, forbidden-band width efface becomes 
narrow, and the effectiveness of eye carrier ****** becomes less enough. If the presentation X2 of aluminum exceeds 0.5. 
it will become easy to produce a crack. Moreover, the thickness may be 10-50nm. If the thickness of the 2nd stopper 
layer 7 does not fulfill lOnm, the effectiveness of eye carrier ****** becomes less enough, if the thickness exceeds 50nm, 
it will be alike, and it becomes easy to produce a crack. 

[0021] The 2nd cladding layer 8 can be formed with the compound semiconductor expressed with general formula 
AIY2Ga1-Y2 N:Y2=0-0.15 of n conduction type. As for the thickness, it is desirable to be referred to as 100-IOOOnm. 
[0022] Each semi-conductor layer is formed of well-known organometaliic compound vapor growth (henceforth the 
"MOVPE method") (for example, refer to JP,6-268257,A and JP,8-97471.A). In this grown method, ammonia gas and the 
alkyi compound gas of a 3 group element, for example, trimethylgallium, (TMG), trimethylaluminum (TMA), and 
trimethylindium (TMI) are supplied on the substrate heated by suitable temperature, a pyrolysis reaction is carried out it 
has. and a desired semiconducting crystal is grown up on a substrate. The gaseous-phase-reaction equipment for 
performing this MOVPE method is also common knowledge. For example, please refer to JP,63-188934,A. 
[0023] An electron ray is uniformly irradiated after forming each semi-conductor layer using electron-beam-irradiation 
equipment to the contact layer 9 of a half-insulating material condition, the 2nd cladding layer 8, and the 2nd stopper layer 
7. The exposure conditions of an electron ray are the acceleration voltage of about lOkV, specimen current ImicroA, beam 
passing speed 0.2 mm/sec, beam diameter 60micrometerphi, and degree of vacuum 5.0 X 10-5Torr. Layers 7-9 serve as 
desired p conduction type by such electron beam irradiation. 

[0024] Thus, it etches by the approach of common knowledge of the formed semi-conductor wafer, and considers as the 
semi-conductor lamination shown in drawing 1 . Next, the laminating of the oxidation silicone film 11 is uniformly carried 
out to up to p contact layer 9, and a slit-like aperture is opened. And the electrode 12 made from Au/nickel is connected 
to P contact layer 9 through this aperture. This electrode 12 is formed through metaled vacuum evaporationo, spreading of 
a photoresist, a photolithography process, and an etching process, the electrode 10 which becomes n contact layer 3 from 
aluminum on the other hand — vacuum evaporationo — a law — it forms according to a method. 

[0025] Thus, the formed semi-conductor wafer is carved for every component, and it considers as a desired laser diode. 
[0026] The energy diagram of the laser diode 20 of this example is shown in drawing 2 . According to the laser diode 20 of 
an example, the stopper layers 5 and 7 which have a bigger band gap than each cladding layers 4 and 8 intervened 
between the 1st and 2nd cladding layers 4 and 8 and a luminous layer 6 as I understood from this energy diagram. 
Therefore, the carrier poured into the luminous layer 6 will be more certainly shut up in the luminous layer 6 concerned. 
[0027] Although the 1st and 2nd stopper layers 5 and 7 were formed in this example so that a luminous layer 6 might be 
touched, respectively in order to make effectiveness of eye carrier ****** into max, these can be separated from the 
interior 6 of each cladding layers 4 and 8, i.e., a luminous layer, and can also be formed. 

[0028] In the example of the 2nd ********, the stopper layers 5 and 7 were changed in the 1st example as stated above. 
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Since it is the same as that of the laser diode 20 of the 1st example about other parts, the explanation is omitted. 
[0029] It gradually decreases continuously as are shown in drawing 3 , and the band gap of the 1st and 2nd stopper layers 
25 and 27 is the highest in the part nearest to a luminous layer 6 and separates from a luminous layer 6 in the laser diode 
of this example, and in the part which is most separated from a luminous layer 6, that band gap is equal substantially with 
each cladding layers 4 and 8. The mode of gradual decrease of a band gap is not limited in the shape of [ which was 
illustrated ] radii, and can consider this as the shape of a straight line, exponential change, etc. 

[0030] Thus, in order to change a band gap, the presentation of aluminum in each stopper layers 25 and 27 is changed as 
follows. That is. the presentation X of aluminum of the part nearest to a luminous layer 6 is made the highest (an example 
X= 0.20). The presentation of aluminum is continuously dwindled as it separates from a luminous layer 6. and in the part 
following, the parts 4 and 8, i.e., each cladding layers, which are most separated from a luminous layer 6, the presentation 
of alunninum is made equal to it of each cladding layers 4 and 8 (an example X= 0.08). Such presentation change of 
aluminum is performed by changing supply of material gas gradually, when carrying out crystal growth of each stopper 
layers 25 and 27. 

[0031] When the presentation of aluminum in a stopper layer changes gradually in succession and is finally equal to the 
presentation of a cladding layer, the lattice constant between a stopper layer and a cladding layer will also change 
gradually in succession. Therefore, the stress between cladding layer-stopper layers is eased compared with the 
configuration of the 1st example. 

[O032] In the example of the 3rd ********, the stopper layers 25 and 27 were changed in the 2nd example as stated 
above. Since it is the same as that of the laser diode 20 of the 1 st example about other parts, the explanation is omitted 
[0033] In the laser diode of this example, as shown in drawing 4 , change of the band gap of the 1st and 2nd stopper layers 
35 and 37 is made stair-like. That is. it gradually decreases stair-like as rt is the highest in the part nearest to a luminous 
layer 6 and separates from a luminous layer 6. and in the part which is most separated from a luminous layer 6, the band 
gap is equal substantially with each cladding layers 4 and 8. Thus, in order to change a band gap, the presentation of 
aluminum in each stopper layers 35 and 37 is changed as follows. That is, the presentation X of aluminum of the part 
nearest to a luminous layer 6 is made the highest (an example X= 0.2). The presentation of aluminum is dwindled stair-like 
as it separates from a luminous layer 6, and in the part following, the parts 4 and 8, i.e., each cladding layers, which are 
most separated from a luminous layer 6, the presentation of aluminum is made equal to it of each cladding layers 4 and 8 
(an example X= 0.08). Such presentation change of aluminum is performed by changing supply of material gas stair-like, 
when carrying out crystal growth of each stopper layers 35 and 37. 

[0034] When the presentation of aluminum in a stopper layer changes being stair-like and gradually and is finally equal to 
the presentation of a cladding layer, the lattice constant between a stopper layer and a cladding layer will also change 
being stair-like and gradually. Therefore, the stress between cladding layer-stopper layers is eased compared with the 
configuration of the 1st example. 

[0035] In the example of the 4th ********, the stopper layers 5 and 7 were changed in the 1st example as stated above. 
Since it is the same as that of the laser diode 20 of the 1st example about other parts, the explanation is omitted. 
[0036] In the laser diode of this example, as shown in drawing 5 . the 1st and 2nd stopper layers 45 and 48 are made into 
the so— called superstructure. The enlarged drawing of the energy diagram of the 1st stopper layer 45 is shown in drawing 
6 , and the enlarged drawing of the energy diagram of the 2nd stopper layer 47 is shown in drawing 7 . As shown in drawing 
6 , the 1st stopper layer 45 of this example consists of the 1st part 455 and 2nd part 456. The 1st barrier layer 451 and 
thickness which consist of n-aluminum0.2Ga0.8N whose thickness is about 100A are about lOOA. and the 1st part 455 
comes to carry out the laminating of the 1 st well layer 452 which consists of n-GaN. The 2nd barrier layer 453 and 
thickness which consist of n-aluminumO.15GaO.85N whose thickness is about 20A are about 20A, and the 2nd part 456 
repeats and comes to carry out the laminating of the 10 sets of the 2nd well layer 454 which consists of n-GaN. 
[0037] such 1st stopper layer 45 — MOVPE — in performing law, it is formed by changing the amount of supply of 
material gas suitably. 

[0038] In the above, the 1st part 455 mainly prevents the tunnel component of a carrier, and reflects the carrier of high 
energy in the 2nd part 456. The 2nd part 456 also bears the function which eases stress with a cladding layer 4. The 
component which maintains a high carrier ****** function by this, and a crack cannot produce easily can be offered. 
[0039] The 1st barrier layer 451 is formed with the compound semiconductor expressed with general formula n-AIXIGal- 
X1N. ** [ it may dope an intentional impurity ] As for the presentation XI of the aluminum, being referred to as X1=0.1-0.5 
is desirable. As for the thickness, it is desirable to be referred to as 1-50nm. The 1st well layer 452 can be formed with 
the compound semiconductor expressed with general formula n-AlX2Ga1-X2N. ** [ it may dope an intentional impurity ] 
As for the presentation X2 of the aluminum, being referred to as X2=0-0.2 is desirable. As for the thickness, it is desirable 
to be referred to as 1-50nm. 

[0040] The 2nd barrier layer 453 is formed with the compound semiconductor expressed with general formula n-AlX3Ga1- 
X3N. ** [ it may dope an intentional impurity ] It is desirable to suppose that the presentation X3 of the aluminum 
contains X3=0.1-0.5 and X3=X1. As for the thickness, it is desirable to be referred to as 1-10nm. The 2nd well layer 454 
can be formed with the compound semiconductor expressed with general formula n-AlX4Ga1-X4N. ** [ it may dope an 
intentional impurity ] It is desirable to suppose that the presentation X4 of the aluminum contains X4=0-0.15 and X4=X2. 
As for the thickness, it is desirable to be referred to as l-10nm. As for the number of repeats of the 2nd barrier layer 453 
and the 2nd well layer 454, being referred to as 3-20 is desirable. 

[0041] As shown in drawing 7 . the 2nd stopper layer 47 of this example consists of the 1st part 475 and 2nd part 476. 
The 1st barrier layer 471 and thickness which consist of p-aluminum0.2Ga0.8N whose thickness is about 100A are about 
100A, and the 1st part 475 comes to carry out the laminating of the 1st well layer 472 which consists of p-GaN. The 2nd 
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barrier layer 473 and thickness which consist of p-aluminumO.15GaO.85N whose thickness is about 20A are about 20A, and 
the 2nd part 476 repeats and comes to carry out the laminating of the 10 sets of the 2nd well layer 474 which consists of 
p-GaN. 

[0042] such 2nd stopper layer 47 — MOVPE — in performing law, it is formed by changing the amount of supply of 
material gas suitably. 

[0043] In the above, the 1st part 475 mainly prevents the tunnel component of a carrier, and reflects the carrier of high 
energy in the 2nd part The 2nd part 476 also bears the function which eases stress with the 2nd cladding layer 8. The 
component into which this maintains a high carrier ****** function and a crack cannot go easily can be offered. 
[0044] The 1st barrier layer 471 is formed with the compound semiconductor expressed with general formula p-AIX5Ga1- 
X5N. ** [ it may dope an intentional impurity ] As for the presentation X5 of the aluminum, being referred to as X5=0.1-0.5 
is desirable. As for the thickness, it is desirable to be referred to as 1-50nm. The 1st well layer 472 can be formed with 
the compound semiconductor expressed with general formula p-AIX6Ga1-X6N. ** [ it may dope an intentional impurity ] 
As for the presentation X6 of the aluminum, being referred to as X6=0-0.2 is desirable. As for the thickness, it is desirable 
to be referred to as 1-50nm. 

[0045] The 2nd barrier layer 473 is formed with the compound semiconductor expressed with general formula p-AIX7Ga1- 
X7N. ** [ it may dope an intentional impurity ] It is desirable to suppose that the presentation X7 of the aluminum 
contains X7=0.1-0.5 and X7=X5. As for the thickness, it is desirable to be referred to as 1-10nm. The 2nd well layer 474 
can be formed with the compound semiconductor expressed with general formula p-AIX8Ga1-X8N. ** [ it may dope an 
intentional impurity ] It is desirable to suppose that the presentation X8 of the aluminum contains X8=0-0.15 and X8=X6. 
As for the thickness, it is desirable to be referred to as 1-10nm. As for the number of repeats of the 2nd barrier layer 473 
and the 2nd well layer 474, being referred to as 3-20 is desirable. 

[0046] In the example of the 5th ********. the 2nd part of the stopper layers 45 and 47 was changed in the 4th example. 
Since it is the same as that of the laser diode of the 4th example about other parts, the same sign is attached and the 
explanation is omitted. 

[0047] In the laser diode of this example, as shown in drawing 8 , in the 2nd part 556 and 576 of the stopper layers 55 and 
57, the band gap of the part which follows cladding layers 4 and 8 is gradually decreasing continuously like the stopper 
layer of the 2nd example. By this, the stress between the stopper layers 55 and 57 and cladding layers 4 and 8 will be 
eased further. 

[0048] The laser diode 30 of the 6th example of the 6th example is shown in drawing 9 . The same sign is given to the 

same part as the laser diode of drawing 1 , and the explanation is omitted. The 1st guide layer 13 is formed between the 

1st cladding layer 4 and the 1st stopper layer 5, and, as for the laser diode 30 of this example, the 2nd guide layer 14 is 

formed between the 2nd stopper layer 7 and the 2nd cladding layer 8. The light which emitted light by the luminous layer 6 

closes these guide layers 13 and 14, and they carry out eye **. 

[0049] The spec, of the 1st guide layer 13 and the 2nd guide layer 14 is as follows. 

Semi-conductor layer : Presentation: Dopant (thickness) 

1st guide layer 13: n-GaN:Si (lOOnm) 

2nd guide layer 14: p-GaN:Mg (lOOnm) 

these 1st and 2nd guide layers 13 and 14 — a law — a method — following — MOVPE — it is formed of law. 

[0050] This 1st guide layer 13 can be formed with the compound semiconductor expressed with general formula AlZIGal — 

Z1N (Z1=0 is included) of n conduction type. 

[0051] The 2nd guide layer 14 can be formed with the compound semiconductor expressed with general formula AIZ2Ga1- 
Z2N (22=0 is included) of P conduction type. 

[0052] The energy diagram of the stopper layers 65 and 67 in the laser diode 30 of this example is shown in drawing 10 . 
These stopper layers 65 and 67 are as of the same kind as the stopper layers 25 and 27 of the 2nd example as drawing 
shows. 

[0053] That is, it gradually decreases continuously as the band gap of the 1st and 2nd stopper layers 65 and 67 is the 
highest in the part nearest to a luminous layer 6 and separates from a luminous layer 6, and in the part which is most 
separated from a luminous layer 6, the band gap is equal substantially with each guide layers 13 and 14. Thus, in order to 
change a band gap, the presentation of aluminum in each stopper layers 65 and 67 is changed as follows. That is, the 
presentation X of aluminum of the part nearest to a luminous layer 6 is made the highest (an example X= 0.2). The 
presentation of aluminum is continuously dwindled as it separates from a luminous layer 6, and in the part following, the 
parts 13 and 14, i.e., each guide layers, which are most separated from a luminous layer 6, the presentation of aluminum is 
made equal to it of each guide layers 13 and 14 (an example X= 0). Such presentation change of aluminum is performed by 
changing supply of material gas gradually, when carrying out crystal growth of each stopper layers 65 and 67. Thus, when 
the presentation of aluminum in a stopper layer changes gradually in succession and is finally equal to the presentation of 
a guide layer, the lattice constant between a stopper layer and a guide layer will also change gradually in succession. 
Therefore, the stress between guide layer-stopper layers is eased. 

[0054] In the example of the 7th ********, the stopper layers 65 and 67 were changed in the 6th example as stated 
above. Since it is the same as that of the laser diode 30 of the 6th example about other parts, the explanation is omitted. 
[0055] In the laser diode of this example, as shown in drawing 1 1 , change of the band gap of the 1st and 2nd stopper 
layers 75 and 77 is made stair-like. 

[0056] That is, it gradually decreases stair-like as it is the highest in the part nearest to a luminous layer 6 and separates 
from a luminous layer 6, and in the part which is most separated from a luminous layer 6, the band gap is equal 
substantially with each guide layers 13 and 14. Thus, in order to change a band gap, the presentation of aluminum in each 
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stopper layers 75 and 77 is changed as follows. That is, the presentation X of aluminum of the part nearest to a luminous 
layer 6 is made the highest (an example X= 0.2). The presentation of aluminum is dwindled stair-like as it separates from a 
luminous layer 6. and in the part following, the parts 13 and 14. i.e., each guide layers, which are most separated from a 
luminous layer 6. the presentation of aluminum is made equal to it of each guide layers 13 and 14 (an example X= 0). Such 
presentation change of aluminum is performed by changing supply of material gas stair-like, when carrying out crystal 
growth of each stopper layers 75 and 77. When the presentation of aluminum in a stopper layer changes being stair-like 
and gradually and is finally equal to the presentation of a guide layer, the lattice constant between a stopper layer and a 
guide layer will also change being stair-like and gradually. Therefore, the stress between guide layer-stopper layers is 
eased. 

[0057] In the example of the 8th ********, the stopper layers 65 and 67 were changed in the 6th example as stated 
above. Since it is the same as that of the laser diode 30 of the 6th example about other parts, the explanation is omitted. 
[0058] In the laser diode of this example, as shown in drawing 1 2 , the 1st and 2nd stopper layers 85 and 87 are made into 
the so-called superstructure. Since the configuration of these stopper layers 85 and 87 is substantially the same, it 
abbreviates that explanation to the stopper layers 45 and 47 of the 4th example. When putting in another way, it applied to 
the laser diode 30 which showed the stopper layers 45 and 47 of the 4th example to drawing 9 , and the laser diode of this 
example was constituted. Similarly, it is also applicable to the laser diode 30 which showed the stopper layers 55 and 57 of 
the 5th example to drawing 9 . 

[0059] In each example, although the stopper layer is continued and formed in the luminous layer 6, it can separate these 
•from a luminous layer 6, and can also prepare them in the interior of a cladding layer or the guide layers 13 and 14. 
Moreover, in each example, the stopper layer prepared between the 1st cladding layer of n conduction type or the 1st 
guide layer, and a luminous layer can omit this. 

[0060] An intentional impurity may be doped to the 1st [ of each example ] and 2nd stopper layer. 1st and 2nd cladding 
layer, 1st. and 2nd guide layers and luminous layers, and it is not necessary to dope to them. 

[0061] This invention is not limited to the publication of the gestalt of implementation of the above-mentioned invention, 
and an example at all. is the range which does not deviate from a claim and includes the various deformation modes this 
contractor can hit on an idea of. Of course, this invention can apply also to light emitting diode. 
[0062] Hereafter, the following matter is indicated. 

It is the light emitting device formed with the compound semiconductor of a GaN system. (1 1) A substrate, A luminous 
layer, and the 1st cladding layer and 2nd cladding layer which have been arranged as sandwiched said luminous layer. It is 
the stopper layer formed between said luminous layer and said 1st cladding layer or in either [ at least ] between said 
luminous layer and said 2nd cladding layer. This stopper layer is a GaN system light emitting device which comes to have 
the stopper layer which prevents substantially that the carrier in said luminous layer passes through this. 
[0063] (12) Said stopper layer is a GaN system light emitting device given in (11) characterized by being formed in contact 
with said luminous layer. 

[0064] (13) (11) characterized by preparing the 1st guide layer and the 2nd guide layer, respectively between said luminous 
layer and said 1st cladding layer, and the 2nd cladding layer, or a GaN system light emitting device given in (12). 
[0065] (14) The GaN system light emitting device according to claim 9 or 10 to which the laminating of those with two or 
more and them is repeatedly carried out, and said 1st stopper layer and said 2nd stopper layer are characterized by being 
formed more thickly than the 1st stopper layer of others [ layer / nearest to said luminous layer ] in said 1st stopper 
layer, respectively. 

[0066] (15) The 1st stopper layer besides the above is a GaN system light emitting device given in (14) characterized by 
being the same thickness substantially. 

[0067] (16) It is a GaN system light emitting device given in (15) which the layer nearest to said luminous layer is formed 
in said 2nd stopper layer more thickly than other 2nd stopper layer, and is characterized by this other 2nd stopper layer 
being the same thickness substantially. 

[0068] (17) said 1st stopper layer — setting — the layer nearest to said luminous layer, and said 2nd stopper layer — 
setting — the layer nearest to said luminous layer — substantial — the same thickness — it is — said — others — the 
1st stopper layer — said — others — a GaN system light emitting device given in (16) characterized by the 2nd stopper 
layer being the same thickness substantially. 

[0069] (18) said 1st stopper layer — setting — the thickness of the layer nearest to said luminous layer — said — others 
— a GaN system light emitting device given in (17) characterized by being 3 to 10 times the thickness of the 1st stopper 
layer. 

[0070] (19) said — others — the 1st stopper layer — said — others — a GaN system light emitting device given in (18) 
characterized by the numbers of repeats with the 2nd stopper layer being 3-20. 

[0071] (20) Said stopper layer The 1st part which comes to carry out the laminating of the 2nd stopper layer which 
consists of AIX2Ga1-X2 N:X2=0-0.2 whose the 1st stopper layer and thickness which consist of AIX1Ga1-X1 N:X1=0.1-0.5 
whose thickness is about 100A are about 100A. The 2nd part which repeats and comes to carry out the laminating of the 
10 sets of the 4th stopper layer which consists of said AlX2Ga1-X2N whose the 3rd stopper layer and thickness which 
consist of said AlX1Ga1-X1N whose thickness is about 20A are about 20A. X1>X2 [ however. ] — since — a GaN system 
light emitting device given in either [ which is characterized by being constituted ] (1 1) thru/or (13). 

[0072] (21) It has further the 3rd stopper layer which consists of AIX3Ga1-X3N. In the 3rd stopper layer, the presentation 
X3 of aluminum is the largest in the part nearest to said luminous layer, this — the part which will be left from now on and 
which was alike, followed, decreased gradually and is most separated from said luminous layer — the presentation X3 — 
the presentation (0 is included) of aluminum of a cladding layer or a guide layer — substantial — etc. — it spreads — The 
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said 1st, 2nd, and 3rd stopper layers are GaN system light emitting devices according to claim 9 or 10 characterized by 
carrying out the laminating to this order from said luminous layer side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the sectional view showing the configuration of the laser diode of the example of 1 of this 
invention. 

[Drawing 2] Drawing 2 is the energy diagram of the laser diode of this example. 
[Drawing 3] Drawing 3 is the energy diagram of the laser diode of other examples. 
[Drawing 4] Drawing 4 is the energy diagram of the laser diode of other examples. 
[Drawing 5] Drawing 5 is the energy diagram of the laser diode of other examples. 

[Drawing 6] Drawing 6 is the 1st enlarged drawing of the energy diagram for a stopper layer of the laser diode of an 
example besides 

[Drawing 7] Drawing 7 is the 2nd enlarged drawing of the energy diagram for a stopper layer of the laser diode of an 
example besides **. 

[Drawing 8] Drawing 8 is the energy diagram of the laser diode of other examples. 

[Drawing 9] Drawing 9 is the sectional view showing the configuration of the laser diode of other examples. 
[Drawing 10] Drawing 10 is the energy diagram of the laser diode of an example besides **. 
[Drawing 11] Drawing 1 1 is the energy diagram of the laser diode of other examples. 
[Drawing 12] Drawing 1 2 is the energy diagram of the laser diode of other examples. 
[Description of Notations] 

1 Silicon on Sapphire 

2 Buffer Layer 

4 1st Cladding Layer 

5, 25, 35, 45, 55, 65, 75. 85 1 st stopper layer 
6 Luminous Layer 

7, 27. 37, 47. 57. 67, 77, 87 2nd stopper layer 
8 2nd Cladding Layer 

13, the 1st guide layer 

14, the 2nd guide layer 
20 30 Laser diode 



[Translation done.] 
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y-^rWJy^ hcoM^P. :7 :}- h U v^'^y y ^ -X^, x 

'v^y^'TM^mxm'&^tL^. nziy^^hm 

[0025] ZC7)J:ol>z LXm^-^titc^^i^^^Js^ 

[0026] zcommmcov'—ify^ ^- k 2 o^ox:?^ 

2 0t2j;ii{i\ m\WW.2C09y^v¥mA. 
mehcrymi^Z. ^9y'y}^mA. SXK>±%tj:^-<y\i^ 

-v-yrs-^-r^j^h v^N°;i5. 7*^:n-iS$fLf^„ j;-:) 

X. ^7l^6i;iiiA$iX7t^-r y T{±J; 05i^t3^^% 

[0027] ^c7)||MT'{i^A' ^Jrmt-^isbcrm^^ 
M±t-thfz}^^z^ 'mimfW.2cr)y.V-y^m5. 72r 

^^y-zYMA^ s<7^nu. rnhmeme^^^mLxm 
m.'t^^ttx^^. 
[0 0 28] m2mmm 

^ commmx-it . mMcomi commmi,z}5 v x h -y y \° 
m5. 7^^w.Lfz. i\iico^mz'^\^xii^i<7)mmm 
cov-^if-i ^- F 2 0 i: \si—xh^cox^<7)mm^^ 

[0029] ZCOmmmcDU—fl$>''^ HT'(i, 113 

^im/m2coy.h •y^m2 5 . 21 co 

i^y >y r*-'^® 6 t2ai,3£\,^gl53i-T'SL^< . 
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[0 0 30] <rt7)j:3t3^N'yH^>-yr^^'fL$-i^:^t; 

i(^m.mxt:mi>m<^^ (mmmx'iix^o. 2 

. S(;jl^-r-S.SII^T'{±A 1 iOfflfiJc^^i?^ H 

5.27 t:m^B&-^-^-^h t^iz. m.n:^'xcr>mt^^m 

^^X^^t^-it^ZtlzX'Ono . 

[ 0 0 3 1 ] ^ h -y^m^zioif^A 1 com^t^mm, lx 

m 1 mmmcommztt^x^y -y ^m-x v -y^mwii^ 
[0 0 3 2] w,3mmm 

^ co%mmxu . ^<7ym 2 commm^z ^ ^ ^-c ^ h -y ^ n° 

Ji25. 2 7 2r^ML7t!„ ff!l£7)S15^tzo»,^-rii^l£7)|| 

mmco\y-^y-( ^- k 2 0 wi—xh^cox-^comm 
[0033] ^commm^i^-^y-( ^~ rx-i^. m4 

iZ^-t^-^l/Z. miRX/^2C0J^h y^-^ms 5 ^ 3 7 CO 
^ ^V H ^-r -y y°(7)^1tt^^^mz ^tlX\^h. RWh. ^ 

±m6i^zMi>jS:i^^6^X'mi>M<. ^me^^^mti^ 

Xii^CD^O Hdr> -y 7 -y }^m4. 8 t^MS^ 

^-thiZli^ h •y^^°;l3 5. 3 7(;fe(t^ A 1 

0. 2 ) . 5^b^6:^?^A>gii^|,(-^^oTA icOM^^Pg 

y -y Fii4 , Slzmm-t&^'^X'liA 1 (r>msl^^i^ y 
•yb'®4, 8£7)-eixtz^L<-ri> (IIMMT'{iX=0. 
08) . ^^7)J;-3;5^A 1 OMBJc^-fbii. #^h-y^N°^3 
5.37 $:^H^Bfi5t;^$-tJ:^ t # i,z. mm^':^(r>m^^^ 

[ 0 0 3 4 ] ;^ h -yyt/itcfcit^ A 1 (^mm.t)^^^mz 
t^^m<!K^M LX mm'ii.z ^y y ^mcom.^ ^ l < ^ 

-^X^^hb. :^V-y^mb^y'y}^mb<^'mcoW^^m. 
h ^WLmzi^-^m<!K^i\:-th Ztt^j:^, Vtzifi-P X . 

^ 1 ntm\(^mm>iz)t'<-x ^yy^m-^v 'y^mm(7^ 



[003 5] w-Ammm 

MS. 7 2rCTL/t„ ^<7^^^i,z-D\,\x\imi(7>mmm 

CDU—fy^ F 2 0 i: IrI— r$>i>c7)X->!'<7)giBj^^ 

[0036] zcommMcou—fy-^ ^- k-c-}*. [i 5 

lllS.I/^20Xh-y/N°ji4 5. 4 8*^ 
V^»l.@*i^:^jti:$ixTl^-g.. meizmiiT^Xh^y 
5c7)x^.;^dr'-^S'M-¥i7-5A£7)j£::^|i|^^t. H 
7t|g2<^;^h >y.'N'il4 7cr)JL:^-jU^—y-i^r:yyM.<7) 

c HI 6 J; oiz^ z (7)mtmcr>m i o 

Xh>yy\-;i4 5ii. micr)^^4 5 5tm2(7y^^4 5 

6t-^m&^ti^. mico^^4 5 5iimM^nmi o 

O^y^?'^ hn-Ac7)n-A 1 0. zGag. gN*^/^^^^ 

1 commm 451 zs.T/Mii;e)<{5{j' loo^^^/xho- 
iiLT^Sri.. ^2c7)gp^4 5 6i±mm^nm2o^y^- 

Xhn-i.c7)n-A 1 0. i5Gao.85N:^?^4^-l.^2 0|^ 

M4 5 3Rv^mmmm2 o:ty:^xhu-M.xib 

K). n-GaN:fy^i^^^m2(7)^Wm4 5 4cr)l Omt 
[0 03 7] Z<7)Xo^micr)Xh'y/m4 5{i. MO 

mt^^^^tizj:>omm^ti^, 

[0 0 38] ±ietZfeV^T, miOgiI^4 5 5^±t L 
T=¥-iryrc^h>'^VPfig.:J3-§:|J&itL. m2£7)gt5:«-4 5 6 

eii^y'y v:m4tcr)Xhux^mm-t^mmi^w.o, 

>y ^ ^7)* t V m^f-tr^mx'^ ^^tt^^l. 

[ 0 0 3 9 ] ^ 1 c0l^Mjl4 5 1 {i-^itn -A 1 XI G 

Kc^mmii}^~y°LX J:\.^L. L^<Xi,X^\ ^co 
Al£7)ffifi£Xl{iXl =0. 1 — 0. St^^^hi^m 

^l^^#FJi4 5 2{i— ^n-A lx2Gai.x2N 

x'^i^Kh vc^m^i^fx-mm- h^t %t.mm 

m:^-mm\iY-y°LXi>X\.-^L. L^<TiJ;u, 
COA 1 C7)ffl^X2{iX 2 = 0 — 0 . 2t^^Lti}mt. 
tV^. -e^^Hmtil — 5 0 nmi:-r-2.^i:?&^if^LV^. 
[0040] m2i7)[^^jl453(5-^n-Alx3G 

a 1 - X 3 N T-^ ^ ii ^ it^^^Ufx-m^ ■^M.wmm 

A 1 c7)fflfi£X3(SX3 = 0. 1 — 0. 5. X3=Xltr 
#t^. b^hZb-hm^LW Onm 
i;-r^>r <h:<)W* LV^o m20#F;i4 5 4{±— 
- A 1 X 4 G a 1 . X 4 N T'^ $ ill, -fb-^!il3^f^jT-jg^-^ § 

z. t *-'T'# ^ o mmm^^mmn F-r lt i> j; l . 

L^<-C^j;i^. -^-iTJA 1 i7)ffl^X4(iX4 = 0— 0. 
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[0041 ] ii7(;^-rj;3t:. zcommmcr)m2cox 
■^^^m^^ir^. mic7)gp^4 7 simmi^nmi o o 
<^mm4 7 iRx/mmtiHmi o o^r^^i/xhn-A 

X'h^. p-GaN5i)^^,:Srl>mit7)#F®4 7 

LT^I., m2<;0^ii-4 7 6imm^Hm2 O^y^X 
hn-O^Op-A 1 0. i5Gao.85N:^-^>5:§m2£7)|^M 
ii4 7 3S.tf J^i5*^'{3{J'2 0 ^^^iJ'";:?. h a-AT'S!) 0 . 
p-GaN;^?^;^:5r.g>^2i7)#pji4 7 4^7)1 0^2:^0 

[0042] Zcr,XoKi:^2COXh'y^m47i±. MO 

[0 043] ilBtZfeV^T. mi<^m^4 7 5i}^^tL 
^^;l^^'£^^^i;rS:^llt$-ti:l,, m2cr>^6^4 7 6im 

>y ^ A 0 13 < V ^^^^fi#fc-C-^ I. C: i: 'Sr » 
[00 44] mi£r)[^M;i4 7 IJi— ^itp-A 1 xbG 

A l^r)^fi!(:X5{iX5 = 0. 1 — 0. 

^tV->, -eoOTJil — SO nmi:-r-l)ii:*i*fS L 

^lc7)#Fii4 7 2{i~^p-A l^eGai.xeN 
T'^ $ ^ -f L^ft^#f*:T'?^fi£-r ^ i # ^ , SIM 

^OA 1 cofflfilcX6{iX6 = 0~0. 2 t-ri..Ii;3{?W^ 
-^OM/StS 1 — 5 0 nmi:-ri..r <fc;&^"»^ Ll^. 
[004 5] m2c7)|^Mii4 7 3{i— ®5tp-A 1 X7G 

A 1 £7)^fi£X7{iX7 = 0. 1—0. 5. X7=X5& 
-i-tf. t-r^cii;*^^ tu. ^iOMi5*il-l 0 nm 
i:-ri>;i:*^ifi^ LV^, H 2 iO^FJl 4 7 4 fi— ^5?; p 
-A 1 B.^-^^^X'n^h.h^Y.-^m%Mm:^^•th 
i <!: ;6^"T-# § . SUS^^^IiEtlfi F-T LT ^ J; l ^ L . 
L^<T^J:tV ^tOA l£?5ffifigX8{iX8 = 0 — 0. 
15. X8 = X6^^tf. i:-r-I.Cli:3&^^tf^LV\ 
MTOl-l Onmi:-ri.«Ii:«^LV^. m2(r>mm 
m4 7 3i:^2cO#F®4 7 4i:COM03lLgt{i3 — 2 
0^:-r^cltW^Lv^. 

[0 046] m^mm 

5. 4 7a>m2<7^^%^^\^fz. flfl£7)a5^t;ov^T{i 



^4(^m^mM(^^—^f'A ^- K ti«l-t-^)l)C7)T'|nI— 

[0047] <IO^Jfe^Jc7)i/-if^of^-KT-{i:. HIS 
t3:^-rJ:ot::. Jl^•yy^°ji5 5. 5 7 tfO^ 2 <7)gP:5i- 5 5 
6. 5 7 6tCiDV^T. ^7>yKM4. ^^Z^m.'t h^'ri- 
<r>}^y K=¥> -y W,2mm\<r>7. h -y^N'/ih [SJi^ 

5 . 5 7 i: ;7 ^ Fil 4 . 8 (D^i^X h UX^'^izMlG 

[0048] memmm 

^emmmc^u—fy-i ^- h 3 o S:ii9 m 1 
x^comm^mm-t^. ^(7ymmm<^v-^rA ^-y 

3 0{i^l F;i4 tmi C0^h-yyN°M5 fciD^ 
icmic7);?y-f hjil 3*^^^^^^!.. m2t7)XK>yy\°jl7 
i:m2(:^^ 5 v FJ18 tc7)rBltzm2c7);y^ K/f 1 At^^. 
\i^tlX CT):^'^ ]<m 1 3 ^t;:" 1 4 ti^/f 6 f- 

[ 0 0 4 9 ] |g 1 m'-Y 1 3S.tXB2^7);^->f K/i 1 

4 £0>l^ -y ^ tiJX^^ii 0 r$) ^ o 

: : K-^N°yh (Ml?) 

^10;^W Kii 1 3 : n-GaN : S i (lOOnm) 
l|2 0;*'W Kil 1 4 : p -G a N : Mg (lOOnm) 
^ com 1 au="m 2 K;1 1 3 StX 1 4 ^:SiZ Lti 

3&n^MOVPE}£t3j: OBfig^ixS. 
[0050] iomi 0;^?-f Kii 1 3(infE^co— ^ 
55iAlziGai_ (Z 1 = 0^^ts) Xm^tl^h-ft-^ 

m^i^xmm.-t& z t t^xn h . 

[00 5 1 ] m2ayt'A KJl 1 4 {iP{K#^<7)— ^A 
lz2Gai_z2N {Z2 = 0^^ti) X^^tL^it^m^ 

mwxm^^^ :l t t^x^ h , 
[00 52] •i(Dmmmco\y—f'y-i ^- k 3 o izmf 

?,Xh 'y^\°;i6 5 , 6 7cOX^-;^Jf-^^' Ti?'^ At&^H 

^-^Me 5RX/6 7i±m2mmmcoxh"//m2 5.27 
t^mcoijCDxhh. 

[00531 m-h. miRu-'m2<7)xh-/jm65 . e 

7t7)^N'y H-df--^- 'yTt><^em6l,zMi^iS:^^m6^XMi>-m 

<. ^^ei^-i^mti^^zm-^x'^mizmmL. 

m^ij^hMii WxtzU-9^X^i^(7^f <y H df> -y Tts^^i]' 

-rH;ii3. \4tm'mi^zm\^<ti:->x\^h. z(r>^ 

OlZf'^yY^^ -yV'^^\t^^^{Z\i. h-y^N-Jle 
5. 6 7t*fe{tl.A 1 OMSri^OctatZ^-fb^-tt-l,. 
aP^. ^^6t;:^ijfiV^gl5:JJ-c7)A l^S^X^^C>]g 

<t-^ (i^MMTiix=o. 2) , ^;i6*-^,sitL^ 
^;^a^':)TA 1 c^^^-^mmmzmm^^. mm^^^h 
^\>mKfz^m^^^i]'A Ym\3. 14 
^x\tK 1 h'ii 1 3 . 1 A(n^hxz'm\^ 

(^Jfe0)J-r'iSX=O ) . ^(TDio^SrA lC7)ffl^^ 
-rm. h ^yJ-m 6 5.67 &SH^a«$-y-^ h % 
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■^M^iK^-itLXM^mz:^'^ \^mcr>mm.tmL<^'yx 
[00 54] mi mm 

^<^mm\x\t. m^<nw.^<^mmm\,zii\^xy^ v -/n 
mmc^\y—^y^ ^- K 3 0 i: m—xh^cox^comm 
[00 55 ] zcommmcou—^r-^ ^- v^xi±. m i 

[0 0 56 ] m-h. ^^eizMi^'^^-^^-^xmhrn 
<. ^y6me:/)-^mtii>iz^'yxmmi,zm^L. 

mei3^i^m.MfifzW>^X\t^a^)^y Hdr> -/zr-h^^a 

>f Kills, 14i:^mt-^L<^-^rv^|., 

0 \.Z) N' > H' 7 r Sr^^-fk^ iir^g, , #^ h -y y 7 
5. 7 7tzi3(tl>A 1 iJOMfigl^rJ^iOJcat^^^-fb^it^, 

<-r^ (^)!ife<^J-CiiX=0. 2) , ^®6*^^>MtL-l. 

m.\>mfifzn''7i^%^i3A Kil 1 3 , 1 4(:jigg-ri>^ 

^TiiA 1 H;! 1 3 . 1 4c^^^iCz^L 

<'th (^]!ffe0iJT'iiX=O ) , <lc7)j;o;5:A 1 c7)ffi^ 

-ftJi, #x h >yyN°;i 15.71 ^m^B^^-^'^h t # 

-/j^m^ztiifi,A 1 <7)m^^'^^^mz^^'om<!K 
^■itLxmmmz^'-( \^mcomm,tmL<^^x\^^^ 
t. xh-y^mt:^'^ }^mtcomcDt^^i,?^mmz 

[0 0 57] msmmm 

z commmxii , m^cr,m e (rymmmi^z ^ ^ h -y > n° 
mmcou—-^^'^ ^- K 3 0 h i5]-t-^bi) oT-^oiiBj 

[0 0 583 ^coHMMiOL^— •frJ'M^-KTIi. 131 
2 t^fJ: 3 t;. I? 1 RX/m 2 criX h -/^m 8 5, 87 

^^\>-^iyi^^mm^mmt^tixu^. zcoxh-z^ms 

1 hm'M.mzn\^xh^cox^cr,wiBMm^-th. mm 
•tti^x. mAm^mcrix v -v^mA 5 , 4 7 ^139 
L/C If K 3 0 i^zmm lt ^mrnmco u~ 

if^"-^ F Sr^fiic L/C , fSI^tz, m 5 ^SfeM^^^ K -y 
^m5 5. 5 7 Sr [H 9 L/C »f ^— K 3 0 

mm-t^zttx^^. 

[00 59] ^mmmt,zti\.^x . x h y^-^m^i^me 
^zm^ixm^^tix^^hiiK ztL^t:^^6i)-^m 



LX. 9=7"/ Ymyj^tii^ Kll 3 , 14 <7)[^ai-iSft 

hzh%jx%h. tfz. ^mmmizi3\,^x . ne^^co 
mic7)^7>y h'ii^L<{imii7);i?M ]<mtmemtcr) 

[0060] #^]5fS^Jc7)^ 1 RX/m2cr)X h y^m. m 

1 m/m2co9 y y Fif. m 1 mfm2o:>t'4 ^mm/ 
^t3m\>z\iMmm^j:^^mm^Y'-rLxi,i:\^L. h- 

rL^<T^>J;u„ 

[006 1 ] ^i7)^HJ{±±ia^Bj£7)^MO?^^.S:t/IIM 

[0 0623 JiiT, iX(r>mm^m^^^. 
Lxmrn^titimico^^-y Ymm/m2<7^9'7'y fh 

t . BulS^3tiih HufE^ 1 iOi? 7 -y F;ii:c7)^s.lX|ui5 
^/ii:Hrrl5m2 0i?7'y Fiii:i7)^^7)/i,-^^< t ^-3^ 
l3?^fi5t$fL^X h ■yy^°JiT•■$>-:>T . F -y ^NmiHuia 

ll6±-r^:^F-y^N°;ii:. ^il;tT=Sr-g.GaNm^^ 
^. 

[0063] (12) lyiex h -y ^N'iliiHriia^ilHi^ 
LTJ^fi£$ixTV^-S,>li:^1t®fc-ri, ( i i ) \,ztm(r> 

[00 64] ( 13) HulHI^B^iiBliiE^l 7 -yF 
iiS.I/m2 7 >y Fii O^tz-eix-fixm 1 cO;^"-< F 

mhm2cr>:^'-{ vmti-m.ni^fix\^h:ih^mmt^^ 

( 1 1 ) Xti ( 1 2 ) \,Z%mcOG a ^lkmtm=F. 
[0 0 6 5] {I A) mt^iayxY-y jmt m^SM2 

LTmM^ii, m^i(7^xh-/^m^zi5\-^xmt^wt 

il tc:^ 1> j£ V ■>;i;^?^f({2cr)^ 1 ^7)^ F -y y J: D ii< $ 
a N^^^^ « 

[0066] (15) HuiSffiom 1 F >y y N'ilti^® 
SU(;|nIL/I§-r2[>^;i:^#®i:t-^ ( 1 4 ) t^lBlJcT) 
GaN^%3\i^^. .. 

[006 7] ( 1 6 ) BifiS^2(7)X h-y^N-jgiijoV^TBlr 
iS^/itwJ:^jjSv^/i{ift!lc7)^2co^F >y/N°JiJ; 

m^^ti. mm(7ym2<^x v -/jmi,immmzm LJi:$ 

XhhZt^mWit-th (15) tZiSiKi7)GaN^^ 

[0 0 68] (.17 ) m%^lcriXh-/Jm^zi5\,^Xm 
iS^B^5«tC:ai>iSV^Jli: Hf|iEm20^ F >yyN°ilfci3V^T 

m^^com icr)xv-y) m t mMmc^m 2ff)xh-/)m 
timmmzmtfM^xh^zt^mmt-rh a 6) 



(8) 
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[ 0069] (18) HTiiem icoxh ^n°J1{2^dV^Thu 

m crymm^ 3-^1 oi^X'h^zt^i^WLt-t^ (i?) 

[0070] (19) mimcomicDx h •y^'^mtmi 
mc^m 2coxh'yjmtcomT^ tma 3 - 2 o t-^ -g, 
^t^mcb^^ (18) izMmcoGaN^mmi^. 
[0071 ] (20) fuiE^ h 'yymii. mmi)nmi 

O 0^i^i?-^hn-At7)A IxiGai.^iN : X1 = 0. 
1-0.5 t^i^^j:^m icr,xh y^mRX/mmMB' 1 

0 0^>i>'"^ba— Ai7)A 1 x2Gai-x2N : X2 = 0 — 

0. 2^^io^j:hm2<7^xh'y^'^m^mmLxyk^mi(D 

. M*>'{j{a'2 0:^y^Xh\=l~J^£OmmA 1 XI 

4coxhv^mcoiom^m^mLmmLx^j::tm2(7y 

•^h ( 1 1 ) ^V-i L (13) cr)\,^-i^-hHztm,<r)G a N 
[0072] (2 1 ) A lx3Gai.,3N*-^,=5r^m3£0 

X h -y^mmi^zmt ^ti. m^scox h -/^miz^s^^ 

TA 1 com.mX3limm^mi,zMt75:^^^'^'Q-Mh± 

rmcoA 1 c7)ffifig ( o$r-^t^) izmmmzmL< . m 

1 OtZietgc^GaN^^fgl^. 
[iaSc7)fg^:^|JJHJ] 

[Hi ] mi {i<r comm(^—cDmMmc^u—^y-( >r— 

[(112 ] lll2{il5]|IMfi?iJO^-Hf^W>i--FiOX^.;l.dr- 



[113 ] Il3iift!j£7)|||fg^jir)l/-Hfy^ ^- Kox^>;U 
[114 ] ll4{Sfl<l<7)^Ji^JO^— »f ^'vf pj— Hi7)x^-.;^ 
[H 5 ] H 5 {iffiO^McT)^— (f- -jr-^ ^_ H<7)x^.;i. 
[116] ll6i5Plflfic73||S6^j£OU— »fy-f ^-K<^^1 

[[17] ll7{i|5lfl!lcO^MMi?5^— if;J'M>f-Hom2 
h 'y^mm'i^<^::^^^)U^'-y^^^'^M,c7)M:j^m. 
[US ] HStiflllcollSfeMi^lx-if^M' ^- Ht7)x^.;i^ 

[119] ll9{ifl!l<73^SSj^Jt7)U— ^f•>J^••^^_^^cO^^^ 
[HlO] mi Omi&comMmcr>u-'r^-(^-]icr, 

[H 1 1 ] m 1 limcommmco ]y-^y^ it- ^v^x 

[ H 1 2 ] H 1 2 {iffili7)^ilSfi^Ji7) 1/-- r^--f ^- Kir)x 

[i5-§-iom] 

1 -^7 r 

2 /'N'-y7r;i 

4 mi<7):??5.y K/i 

5.25. 35,45.5 5.6 5.75. 85 mi 
6 

7. 27. 37. 47. 57. 6 7. 77. 87 W.2 
8 m2C7^^y^yYm 

13. micr>:^'A vm 

14. m2<J0;i?-< h'jl 

2 0. 30 r ^— K 
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